Abstract: Swath-grazed oat (Avena sativa L.) and stockpiled meadow bromegrass (Bromus riparius Rhem) were compared with (Control) a pen-fed straw-based total mixed ration (TMR) for dry, pregnant beef cows (670 ± 88 kg BW) using carrying capacity, nutritive value, cow performance, daily feeding, yardage, and total daily costs. Carrying capacity ranked (P < 0. 
Introduction
Overwintering beef cows is a large cost to the beef cow-calf industry in Western Canada (Basarab 2001; Larson 2010) . Surveys by the forage and cow-calf industry in Western Canada indicate that swath grazing and grazing stockpiled forage may reduce overwintering costs by 48% and 42%, respectively, compared with a traditional feeding system (Anonymous 2007; Saskatchewan Forage Council 2011) . Swath grazing is a form of stockpiling where cereals are planted late (mid-late June) so that swathing occurs in concert with maximum yield in mid-September (Baron et al. 2012) . Swath grazing usually occurs from November until cows are removed from pastures prior to calving in late winter (Baron et al. 2014) .
Swath grazing gestating beef cows is economically efficient Baron et al. 2014) . McCartney et al. (2004) compared animal and economic performance among systems and reduced feed costs from $0.91 for a traditional system to $0.62 cow-d −1 using swathed barley (Hordeum vulgare L). However, when planted late to meet swath grazing requirements, barley forage yield may be reduced by 35%-39% (Baron et al. 2012) . Baron et al. (2014) reduced total daily feeding costs (feed plus yardage cost) to $0.78 and $1.05 cow-d −1 by swath grazing triticale (X Triticosecale Wittmack) and corn (Zea mays L.), respectively, vs. barley at $1.24 cow-d −1 .
When planted late, oat has yielded more than barley in Central Alberta (Aasen et al. 2004; Baron et al. 2012) and is considered by producers to be well-suited to swath grazing. An alternative is to graze stockpiled grass in fall and winter. Perennial forage regrowth following a hay harvest may be left standing or stockpiled to be grazed at a later time (Johnson and Wand 1999; Riesterer et al. 2000) , rather than conserving all cuts as baled hay. It is perceived that grazing stockpiled grass has a lower daily feed cost than swath-grazed cereals because of a low establishment cost when averaged over the life of the stand. In the northeastern and midwestern US it is recommended to graze stockpiled forage in late fall or early winter, to avoid heavy rains, snow and snow-melt (Burns and Chamblee 2000; Riesterer et al. 2000) and tall fescue (Festuca arundinacea Schreb.) is preferred because of good regrowth and resistance to weathering loss. Legumes, such as alfalfa, are not recommended because forage quality declines rapidly due to leaf loss after frost occurs (Burns and Chamblee 2000) . Our previous agronomic research ( Baron et al. 2004 ) indicated that meadow bromegrass had moderate dry matter losses over winter and that creeping red fescue (Festuca rubra L.), crested wheatgrass (Agropyron cristatum L.) and meadow bromegrass maintained a stable and higher in vitro digestible organic matter concentration over winter compared with smooth bromegrass (Bromus inermus Leyss.). While beef producers do winter-graze stockpiled forages, there are few published studies from Western Canada, comparing swath-grazed cereals to stockpiled forages in winter grazing regimes. However, Durunna et al. (2015) compared stockpiled grass and swathed-grazed cereal from September to December at Brandon, MB. The objective of the current study was to compare yield, nutritive value, carrying capacity, animal performance and economic feasibility of swath grazing oat and stockpiled meadow bromegrass to a dry-lot winter feeding system for beef cows.
Materials and Methods
The study was conducted near Lacombe, AB, Canada (52°28′06″N, 113°44′13″W) on a deep Black Chernozemic soil. The study site was identical to that described previously for swath grazing studies ; Baron et al. 2014 ). Prior to establishment of a meadow bromegrass and alfalfa mixture in 2003, twelve 2.5-ha pastures were randomly assigned to the perennial mixture or to oat with each system assigned to six pastures. From 2004 until 2007, inclusive, winter grazedstockpiled forage and swath grazed oat were compared with a traditional pen-fed control of beef cows, consisting of three pens with six cows each.
Crop production
In general, production practices for the oat used for swath grazing, and the barley (straw and silage) for the control total mixed ration (TMR) were similar to those described for cereal crops and control rations in Baron et al. (2014) Agriculture, Food and Rural Development 2014) to control the observed weed spectrum were applied incrop at label rates. Silage was harvested at the soft dough stage utilizing a self-propelled swather equipped with a 6.36 m draper header, a tractor-drawn forage harvester with high-dump wagon, and a 2.7-t truck to haul the feed to a bunker silo where it was packed with a tractor and front-end loader. Hauling distance was within 2 km. Barley was also harvested at maturity (grain DM <14%) using the swather described above and a conventional Class 5 combine with pick-up header. Straw was baled with a round baler forming 1.5 m wide × 1.8 m diameter bales. Bales were transported (<3 km) to a stack yard with a tractor-drawn self-loading bale carrier capable of hauling 10 bales per load.
Yield assessment for swath grazing
Oat paddocks were swathed in mid September at the mid dough stage. Dry matter yield of oat was determined by baling one large round bale in each paddock. The bales were weighed and core samples removed to determine DM concentration. The length of swath used to form each bale was measured and the area calculated. This facilitated calculation of the DM yield ha −1 .
Perennial paddocks were swathed and baled with a large round baler in early July. Hay yield was determined by counting bales and weighing a bale from each paddock. Bale weights were averaged. These bales were sampled with a coring tool, samples composited and sub-sampled to be dealt with as described for the oat for DM determination. The regrowth (stockpiled) yield was determined by cutting 10 0.25 m 2 areas at intervals down the length of each paddock. These samples were composited, weighed fresh and 2 sub-samples of 250 g each were removed and dried in a forced air drier, one at 80°C for 72 h for DM determination and the other at 50°C for 72 h for subsequent forage quality measurements. Dry matter yield ha Average field yields were determined for the components of the control ration. For silage, truckloads were weighed as they came off the field to provide fresh weight yield. Grab samples were taken from each load, composited and a sub-sample dried for moisture determination. Dry matter yield was calculated as the product of fresh weight and DM concentration. Loads of straw bales were weighed when hauled from the field to determine straw yield. Samples were collected for moisture determination and yield adjusted to DM yield. A composite yield for the control was calculated by multiplying each component yield by the proportion of the component in the ration and adding the results together.
Forage quality analyses
The control TMR was subsampled weekly, pooled monthly and dried as described for swath-grazed and stockpiled grass samples. Feed subsamples were ground, first through a Wiley mill (Model no. 4; Arthur H. Thomas Co. Philadelphia, PA) equipped with a 2 mm screen and then through a Cyclone mill (Model MS; UD Corporation, Boulder, CO). For oat, whole culms were ground. Total N concentration was measured with a Leco C/N combustion analyzer (Model CN 2000, Leco Corp.; St. Joseph, MI) . Crude protein (CP) was estimated by multiplying N-concentration by 6.25. In vitro true digestibility (IVTD) concentration was estimated using the procedure described by Marten and Barnes (1980) with a 30 h digestion period. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined separately (Van Soest and Robertson 1980) .
Cow performance
All animals were handled according to practices established by the Canadian Council on Animal Care (1993). On entry to and exit from paddocks or pens, cows were weighed, scored for body condition [(BCS); Lowman et al. 1976] and measured for back-fat thickness using an Aloka 500V diagnostic real-time ultrasound with a 17 cm 3.5 MHz linear array transducer by a certified ultrasound technician using procedures described by Brethour (1992) .
Pasture management
Paddocks were stocked at variable rates based on available forage yield and observed rate of disappearance during the grazing period. Cows were balanced across treatments for breed type, BCS, age, and weight. Five 'tester' cows (those on which performance data was collected) were allocated to paddocks prior to entry on to pasture. Additional cows were added (mainly for the swathed oat paddocks) based on available forage yield and observed DM disappearance in order to standardize the pasture initiation and termination date. Where culling and death loss resulted in new cows entering the study, they were chosen on the basis that they maintain the balance of breed, age, and weight within and among the treatment groups. Grazing area available to the cows was restricted with a single wire electric fence which was moved as visual assessment of residue indicated the need for fresh forage. Cows were not back fenced and had free access to water and a bedding pack. The grazing period extended from mid-to-late November, until all available forage was utilized or mid-March, whichever was first (Table 1) . Cows were weighed and BCS and back fat measured on completion of grazing.
The control group consisted of three pens of six cows each which were selected by the same standards as the grazing cows. The control ration consisted of barley silage mixed with a mineral supplement as indicated by feed tests fed daily with a truck-mounted mixer-feeder equipped with a scale so that daily feed intake was measured. Cows had free-choice access to barley straw in large round bales placed in a bale feeder in each pen. Each bale was weighed and straw consumption recorded. Barley silage accounted for 85%, 56%, 68%, and 67% of the ration on a DM basis in 2004, 2005, 2006, and 2007 , respectively, and barley straw was the balance of the ration in each year. The quantity of each ration ingredient for the control cows was recorded daily beginning with the date of pasture entry for the grazing cows and ending with the latest date of exit for the grazing cows. A DM yield for the control ration was synthesized by summing the products of the percentage of each ration component times its recorded field yield. A carrying capacity was calculated by dividing the synthesized yield by the measured daily allowance of the ration.
Feed costs
For the oat and control treatments, feed costs (e.g., Table 2 ) were determined as described in Baron et al. (2014) . Establishment costs for the perennial (stockpiled) treatment were annualized over eight years assuming that as the life of the stand. Thus 12.5% of establishment-cost was added to other input costs each year. The fertilizer and fertilizer application, plus establishment cost inputs, were allocated to the hay and stockpiled enterprises in proportion to the relative yields of the two harvests. The cost of cutting, baling and hauling hay was charged entirely to hay or the first cut. The cost of stockpiled feed or second growth was calculated on a hectare basis according to the costs allocated to that enterprise. The cost ($ cow-d −1 ) was calculated by dividing feed cost ($ ha −1 ) by carrying capacity as with the swathed treatment.
Hay alternatives
In the comparison of swath-grazed oat vs. stockpiled grass the costs of the grass were determined from costs of managing and grazing the regrowth-grass per se, as described previously. However it is possible to consider the option of the hay being fed at cost after grazing of the stockpiled grass in early winter. To calculate a blended carrying capacity and production area for this grazing plus hay-fed scenario, first the daily feed requirement for hay was predicted (approximately 15 kg cow-d −1 ), based on the quality of the hay and using predictive equations from Nutrient Requirements of Beef Cattle (NRC 2000) . Then a blended grazed-hay-fed carrying capacity was calculated by weighting the yield and feed intake for the grazed and conserved (baled hay) fractions. By weighted proportion of the number of grazed and hay-fed days the calculation of the number of days in a 100 d feeding period that would be grazed and fed hay could be determined, and from the blended carrying capacity, what perennial production area (hay-graze) would be required to winter feed 100 cows for 100 d.
Yardage costs
Cost components of yardage were summarized in items similar to Highmoor and Monchuk (2004) and Anonymous (2007) per cow feeding day. Yardage included all activities related to feed processing and delivery, bedding delivery (straw cost not included) and manure removal. Time spent for these activities and equipment used was recorded on a pen or paddock basis such that at the end of the feeding period, the sum of all the events provided a total time for labor and equipment. Operating and fixed costs for equipment were determined by multiplying the cost per hour found in the Farm Machinery Custom and Rental Rate Guide 2008-2009 (Saskatchewan Ministry of Agriculture 2009) for each piece of equipment by the time used for each pen or paddock. For the scenario of stockpiled grass plus feeding baled hay, the yardage cost was based on the assumption that hay would be fed with a bale shredder and the fixed and operating cost for a tractor and shredder are included.
Bedding straw was recorded as a separate cost, but the quantity of straw affected manure quantity and therefore time for manure removal. The methods of arriving at bedding cost and amount of bedding used for paddock and control treatments has been described in Baron et al. (2014) . Quantity (loads and weight) of manure removed and time required was based on the amount of straw used for bedding . Bedding straw was allocated to the hay-feeding portion of the stockpiled grass plus hay system the same as the control treatment as producers tend to treat this feeding system much as they do confined feeding.
The individual and composite costs were converted to a per-cow feeding day basis by dividing pen and paddock costs by cow number per pen or paddock and feeding days. Where exact yardage components corresponding to a whole farm scale were unavailable because of the research context, they were chosen from recent survey information (Highmoor and Monchuk 2004; Anonymous 2007) . In addition to costs noted previously, yardage included building and handling facility depreciation and repair (Anonymous 2007), utilities, taxes, insurance, and dues (Anonymous 2007) . This allowed a yardage estimate associated with treatments but scaled to a whole-farm basis. A total cost per cow-day was calculated by adding costs of feed, salt and mineral, bedding, and yardage.
Statistical analyses
The entire data set, with all winter-grazed crops and the control, was handled as a single analysis for each response variable using the GLIMMIX procedure of SAS (Littel et al. 2006; SAS Institute, Inc. 2009 ). The effects of year and swath grazed treatment were considered fixed. The AICC (corrected Akaike's information) model fit criterion confirmed whether the preceding model parameterization was better than a model with one common residual variance.
When a significant interaction (treatment × year) was recorded, results are shown year by year along with the corresponding least significant difference (LSD). When there was not a significant year × treatment interaction, the values shown are least square means averaged over years for each treatment along with the LSD. Hereinafter, statistical significance at the level of P < 0.05 is implied unless indicated otherwise.
Results and Discussion
Weather Precipitation and timing of precipitation from April through September were not yield-limiting in any year. 
Carrying capacity
Averaged over years carrying capacity of oat was 3.4 times greater than stockpiled grass and 1.4 times greater than the control ration (Table 4) . Carrying capacity on pasture is a function of DM yield, stocking rate, utilization and the daily allocation of forage DM. Averaged over Carrying capacity of the stockpiled treatment was limited by yield and therefore the initial stocking rate was only 31% of oat (Table 1 ). The average stockpiled yield shown in this study was acceptable at 67% of a mean small-plot, heavily fertilized (100 kg N ha −1 ) yield of 4900 kg ha −1 for meadow bromegrass, when the accumulation period began on July 15 and ended October 15 (Baron et al. 2005) . A true utilization (disappearance as a percent of yield) is difficult to attain and compare between the annual oat crop and the standing perennial meadow bromegrass if determined by mass difference from before and after grazing. The estimated daily disappearance by cows was 9.8 kg cow-d −1 for the oat and 11.7 kg cow-d −1 for the stockpiled grass and the measured disappearance of 11.6 kg cow-d −1 for the pen-fed cows. Estimated daily disappearances were in agreement with measured disappearance from our previous study (Baron et al. 2014) , which averaged 11.6, 10.1, 13.1, and 11.9 kg cow-d −1 for swath grazed triticale, corn, barley and a pen-fed control diet, respectively. The daily disappearance values were multiplied by carrying capacity to derive the disappearance value per hectare. Based on this calculation, an average residue yield of 3.1 Mg ha −1 for oat and 
Mg ha
−1 for meadow bromegrass was determined when estimated disappearance per hectare was subtracted from yield. A calculated utilization averaged 64% for oat and 72% for stockpiled meadow bromegrass. Year to year differences are attributed to grazing management, but heavy snow cover in December 2004 to January 2005 was likely a factor as well. In our past research utilization as determined from measured residue and yield of swath-grazed triticale ranged from 80% to 88%, corn from 57% to 87% and barley from 58% to 92% (Baron et al. 2006 (Baron et al. , 2014 . Volesky et al. (2002) , in Nebraska, estimated a utilization of 82%-96% for swathed perennial grass for weaned calves, followed by cows.
A negative aspect to grazing stockpiled perennial forage as a winter feed source is the low carrying capacity and consequent large area required to winter an equal number of cows. On a farm scale, if a producer required feed for 100 cows for 100 d, 17.4, 55.4, and 26.2 ha of oat, stockpiled grass, and barley for silage, grain and straw, respectively would be required. However, if the producer chose to feed the hay from the first cutting of the perennial in sequence with grazing stockpiled grass then only 21.2 ha of the perennial-land would be required to produce the required amount of feed. Thus using the land for both hay and stockpiled grazing would improve the land use efficiency of the hay-graze system in terms of cow feeding.
Nutritive value
While year to year variation occurred, (not shown) the mean of forage quality parameters over years describes the general differences observed among treatments (Table 5) . Protein concentrations for the oat and control were generally similar within and among years, while the stockpiled grass had a lower protein concentration (Table 5 ) than the other two treatments half of the time. In three of the four years, CP concentration of the grass was just slightly above the recommended minimum (5.9%; NRC 2000) for wintering gestating beef cows. However the mean concentration of CP (78 g kg −1 ) was in general agreement with previous agronomic research ( Baron et al. 2004) where CP concentration of meadow bromegrass in mid-October averaged 80 g kg −1 over three years. Generally, NDF concentration (3 of 4 years) of the stockpiled grass was significantly lower than oat and similar to the control. In two of four years ADF concentrations were lower in stockpiled grass than oat (Table 5 ), but this did not occur averaged over years, where no significant difference among treatments was exhibited. In vitro true digestibility concentrations were generally greater for stockpiled grass than for oat, and consistently greater for the grass than for the control. On average IVTD for stockpiled grass was significantly and substantially greater than that of oat and the control ration.
The NDF, ADF, and IVTD concentrations for swathed oat fell within the range for oat observed in our previous agronomic studies (Aasen et al. 2004; Baron et al. 2012) . The nutritive value for the stockpiled grass in the current study was slightly greater than in the study of Durunna et al. (2015) who observed ADF values ranging from 388 to 400 g kg −1 and NDF values averaging 589 g kg −1 for stockpiled or rested alfalfa-grass and grass stands. The CP values in the Durunna et al. (2015) study were greater (110 to 112 g kg −1 ) than found in the current study (Table 5) . However, Fescue (Festuca campestris Rydb.) prairie grass in winter had a similar nutritive value to swathed oat in winter, but was considerably greater in summer (Willms et al. 1993 ).
Cow performance
Generally cows swath-grazing oat lost weight, while cows grazing stockpiled grass and fed in the control group gained weight during the winter grazing period (Table 6 ). On average, both control cows and cows grazing stockpiled grass had greater BCS and backfat thickness compared with cows swath-grazing oats. In three of four years cows swath grazing oat had a negative rate of gain, while those grazing stockpiled grass had a positive rate of gain. Rate of gain by the control group was always positive and consistent, averaging 0.41 kg cow-d −1 . Body condition score off pasture varied over years among treatments, but generally the Table 5 . Least square means of crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), and in vitro true digestibility (IVTD) for swath grazed oat and stockpiled grass compared with a traditional pen-fed ration averaged over years.
Parameter
Oat swath a Oat swaths and stockpiled grass sampled about 1st October each year. Control is mean of samples taken weekly through the feeding period. (Table 3) .
While cows grazing oat swaths lost weight and BCS in three of four years, their BCS off pasture and prior to calving (Table 7) (Baron et al. 2014) . Almost no information is available to compare for cows winter-grazing stockpiled grass in the Parkland region of western Canada. However, averaged over 5 yr, cows grazing stockpiled grass-alfalfa pastures and swath grazed cereals gained 0.57 and 0.76 kg d −1 , respectively, at Brandon, Manitoba from September to December (Durunna et al. 2015) . In Southern Alberta cows grazing prairie grass in fall and winter lost weight at a rate of −0.43 kg cow-d −1 and those grazing winter wheat and corn in sequence over the same period gained 0.12 kg cow-d −1 (Willms et al. 1993 ).
The relative performance of cows grazing the stockpiled grass and swathed oat is consistent with the superior quality of the grass over the oat (Table 5 ) and the slightly greater intake estimated for the grass treatment. Estimated daily metabolizable energy intakes based on estimated and measured DM disappearance (kg cow-d −1 ) and ADF concentration for oat, stockpiled grass, and control diet were 18.8, 24.5, and 24.0 Mcal cow-d −1 , respectively.
Costs Feed
Averaged over years daily feed cost ($ cow-d −1 ) ranked as follows: stockpiled grass < oat swath < control (Table 7 ). The production costs of oat and stockpiled grass were 46% and 36%, respectively of the control. Stockpiled grass cost less to produce in 2 of 4 yr and averaged over years than the swathed oat (Table 7) . Averaged over years, feed production costs accounted for 45%, 37% and 47% of total daily cost cow-d −1 for oat, stockpiled grass and the control ration, respectively. The production portion of the total cost of the wintergrazed crops was similar to that reported (34% to 47% of total cost) by us (Baron et al. 2014) previously, but the production portion of control-feed was greater than previously reported (29%). The cost of producing the stockpiled grass was lowest among the crops (Table 2) , because costs for the perennial crop were proportioned according to yield of first cut and regrowth. Thus the stockpiled grass feed production cost was 29% of the first cut hay and 27% of the oat swath (Table 2) . Also, the annualized establishment cost for meadow bromegrass was lower than oat, annually. However, the feed cost on a cow-d basis for stockpiled grass was 79% of oat (Table 7) , so much of the feed cost-advantage was lost due to low carrying capacity (Table 4) . The large variations of feed cost ($ cow-d −1 ) among years, within treatment shown here (Table 7) . This also contributed to the significant year × treatment interaction for feed cost, along with yield and climatic effects. Averaged over years, inputs (e.g., seed, fertilizer, and herbicide; (Table 2) accounted for 58%, 87%, and 40% of the feed production cost for oat, stockpiled grass and control respectively, while equipment fixed and operating costs were 35%, 10%, and 48% and labor was 7%, 3%, and 12% of the production costs. On a cow-d −1 basis, the combined equipment and labor costs were $0.17, $0.05, and $0.45 cow-d −1 for oat, stockpiled grass and control respectively. The low equipment and labor costs for the stockpiled grass show the benefit of not having to seed, or apply herbicide annually as well as no harvest cost, while the difference between oat and control is mainly the lower harvest cost for oat. At the farm scale, the fuel required to produce the feed for 100 cows for 100 d would be 357, 149, and 1946 L for oat, stockpiled grass and the control systems, respectively and the man-power inputs would be 15, 5, and 59 h respectively. Compared with the control the savings realized from production of feed for 100 cows for 100 d would be $5000 for the oat and $6600 for the stockpiled grass.
In three of four years, the control ration was more costly to produce than either of the grazed treatments due to higher equipment and labor costs and low yields. reported by Baron et al. (2014) . Low yields in subsequent years, particularly for straw, resulted in much higher feed production costs bringing the average feed production cost for the control to $1.05 cow-d −1 . For the current work, straw was valued at cost of production rather than salvage value. Straw was valued as a percentage of weight ) of the whole-plant produced (Table 2) . Thus, the unit cost of producing straw was as high as $0.11 kg −1 . Yardage included all costs associated with feed processing and delivery, bedding delivery and manure removal. c na, not statistically analyzed due to replicate uniformity.
Yardage
In agreement with our previous work Baron et al. 2014 ) and that of others (Kelln et al. 2011 ) both winter grazing treatments consistently reduced yardage costs compared with the control (Table 7) . Yardage represents the post-harvest costs of winter feeding or grazing and removal of the manure produced. The mean yardage cost of $0.41 cow-d
for swath grazed oat in the current study is similar to that for swath grazed triticale and corn ($0.37 and $0.40 cow-d −1 ) reported by Baron et al. (2014) , while yardage for the stockpiled grass ($0.50 cow-d −1 ) was greater.
Averaged over years, yardage for the grazed oat and stockpiled grass was 45% and 55% of the control, respectively. The oat had lower yardage cost than the stockpiled grass in three of four years and averaged over years due to the greater carrying capacity. Essentially the same activities of winter feeding or grazing occurred for both oat and stockpiled grass, but oat serviced more animals at a time than stockpiled grass. Paddock sizes were similar so fixed cost for fencing and a vehicle for transportation to and from the field was the same, as was the daily cost of moving fences and operating the vehicle (Table 7) . On a farm scale, fuel savings within the yardage category from winter grazing would be substantial. Yardage fuel for 100 cows for a 100 d feeding period would be 1392 L for the control, 378 for the oat and 341 for the stockpiled treatment. A labor saving of 66 h or 8.25 eight-hour d for each of the grazed treatments would be realized compared with the control. The cost savings in reduced yardage when wintering 100 cows for 100 d would be $5000 for grazed oat and $4100 for stockpiled grass compared with the pen fed control.
Total daily costs
Both grazing treatments were consistently less costly than the control, although a year by treatment interaction was significant. Except for 2004 when the stockpiled grass had the lowest total cost, the two grazing treatments had similar total daily costs. The lower feed cost for the stockpiled grass was offset by the lower yardage cost for the oat (Table 7) . The average daily total cost for both grazing treatments in the current study ($1.06 cow-d for the oat and stockpiled grass, respectively when feeding 100 cows for 100 d.
Options for hay and stockpiled grass
A scenario of grazing the stockpiled grass followed by feeding the hay produced prior to grazing might fit a system used by a beef cow-calf operator. Estimated and averaged over years this resulted in a total daily cost of $1.50 cow-d baling, hauling and feeding cost for the hay. The latter study (Volesky et al. 2002) did not use identical cost items to the current study. In feeding 100 cows for 100 d, grazing stockpiled grass first and then feeding hay for the balance of the feeding period would save $4000 compared with feeding hay for the whole period, or $7500 compared with the control. However, it would cost $4300 more than producing and swath grazing oat in the current study. The area required for feed production would be 21.2 ha for stockpiled grazing plus hay feeding, 17.8 ha for grazed oat, 55.4 ha for stockpiled grass alone, and 26.2 ha for the control components when feeding 100 cows for 100 d.
Implications and conclusions
Winter grazing stockpiled grass provided another option for reducing costs of overwintering beef cows, because the yardage cost is substantially reduced compared with traditional pen feeding. It is one of the few alternatives where cows may be grazed in winter while gaining weight due to the greater digestibility of the grass compared with the dough-stage cereal forage. Both stockpiled grass and swath grazed oat provided savings relative to the pen-fed control that were in the same order of magnitude as swath grazed triticale and corn from previous studies (Baron et al. 2014) . The swathed oat and stockpiled grass grazing systems resulted in savings of $11 800 and $12 000 respectively compared with a conventional silage and straw-based wintering program when scaled to feeding 100 cows for 100 d. For oat, the savings were split approximately 50:50 between feed production and yardage while for stockpiled grass, the ratio was 55:45, with the proviso that the difference in yardage between grazed treatments was due to servicing different numbers of cows with the same equipment and labor inputs.
However, due to the relatively low yield of grass and grass-legume regrowth much more land would be required to winter an equal number of cows for the same length of time compared with swath grazing small grain cereals. The land requirement for the stockpiled perennial can be reduced to a competitive level with stockpiled grazing of the perennial followed by feeding hay that is raised from the same land base. However a combination of grazing stockpiled grass and first cut hay increased the overall wintering cost of the beef cows to a level greater than expected for swath grazed cereals. Cost savings are realized from any grazing system which reduces or eliminates fixed equipment and operating costs and labor required to harvest feed and deliver it to cows during the winter.
Finally perennial forage systems are considered lowcost compared with grain or cash crops, where yield is emphasized. The stockpiled winter grazing system did cost less per hectare than oat, but the low yield and carrying capacity resulted in comparable daily feeding costs. Therefore to take advantage of the low-cost stockpiled grazing system more emphasis needs to be placed on maximizing forage regrowth yields that will subsequently increase carrying capacity and reduce daily feeding costs for cows.
